Delay discounting is a measure of impulsivity that has been found to be associated with numerous health-related outcomes. To the extent that delay discounting is associated with sexual risk-taking, it might serve as a marker for HIV risk or as the basis for novel HIV prevention interventions. The goal of the current study was to examine the association between monetary and sexual delay discounting and condomless anal intercourse (CAI) in a cross-sectional sample of men who have sex with men. Based on previous findings, we examined whether these associations were agedependent. Sexual, but not monetary, delay discounting was found to be associated with CAI in the past 12 months. These results suggest that delay discounting is associated with sexual risktaking. More high risk sexual behaviors and their associations with delay discounting should be investigated in the future.
Introduction
The HIV epidemic in the United States has had a disproportionate impact on men who have sex with men (Centers for Disease Control and Prevention, 2013), with incidence increasing among young MSM in recent years Purcell et al., 2012) . Effective HIV prevention interventions and tools to identify men most in need of prevention interventions are needed.
Delay discounting is a behavioral economic measure of impulsivity that might be related to sexual risk-taking. Delay discounting describes the extent to which an individual prefers small rewards available immediately or at a short delay compared to larger rewards available after a longer wait. It has been shown to be associated with a number of health-related behaviors and states including smoking initiation (Audrain-McGovern et al., 2009) , substance use and abuse (Kirby, Petry, & Bickel, 1999; Madden, Petry, Badger, & Bickel, 1997; Odum, Madden, Badger, & Bickel, 2000; Petry, 2001) , relapse following substance use cessation (Yoon et al., 2007) , and obesity (Jarmolowicz et al., 2014; Lawyer, Boomhower, & Rasmussen, 2015) .
There is growing evidence that delay discounting is related to sexual risk-taking. In an online study, young MSM age 18-24 who reported CAI in the past 12 months had higher monetary discount rates than young men who did not; no effect of monetary discounting was observed among older MSM (Jones & Sullivan, 2016) . The neural structures involved in impulse control continue to develop into the 20s (Giedd, 2004) and might influence the association between delay discounting and sexual risk-taking. This effect of age may be particularly important given the increasing rates of HIV diagnoses in young MSM .
The results above involved a monetary discounting task; delay discounting of sexual behavior itself has also been investigated. The Sexual Discounting Task (SDT; Johnson & Bruner, 2012 ) is designed to measure discounting of condom-protected sex by assessing preferences between condomless sex at no delay and condom-protected sex at delays ranging from one hour to three months. In the delay discounting paradigm, condomless sex is the smaller, sooner reward compared with condom-protected sex which confers the potential additional benefit of longterm HIV/sexually transmitted infection (STI) avoidance. Delay discounting of condom-protected sex may be particularly relevant to HIV/STI transmission given the importance of condom use in combination prevention strategies (Smith, Herbst, & Rose, 2015) .
Use of pre-exposure prophylaxis might modify how condom-protected sex is discounted. Given the protection provided against HIV seroconversion by preexposure prophylaxis (PrEP), it is possible that men using PrEP might discount condom-protected sex more steeply compared to men who do not use PrEP (i.e., risk compensation). There is limited evidence of risk compensation associated with PrEP use (Carlo Hojilla et al., 2016; Grov, Whitfield, Rendina, Ventuneac, & Parsons, 2015; Sagaon-Teyssier et al., 2016) . However, PrEP-using men using mobile dating apps have frequently been found to indicate a preference for CAI (Newcomb, Mongrella, Weis, McMillen, & Mustanski, 2016) .
Other studies assessing monetary discounting and sexual behavior in heterosexual populations have been inconsistent, with some studies finding an association (Chesson et al., 2006; Johnson & Bruner, 2012; Lawyer, 2008; Lawyer & Schoepflin, 2013; MacKillop et al., 2014; Wilson & Daly, 2004) and others finding none (Herrmann, Hand, Johnson, Badger, & Heil, 2014; Holt, Newquist, Smits, & Tiry, 2014) . However, the study populations generally comprised undergraduates (Holt et al., 2014; Lawyer, 2008; Lawyer & Schoepflin, 2013; Wilson & Daly, 2004) which precludes an assessment of the effect of age.
The purpose of the current study is to examine the relationship between two forms of delay discountingmonetary and sexual -and CAI. Monetary discounting can be measured more quickly than sexual discounting and has less social desirability bias compared to sexual discounting tasks (Odum, 2011) . To the extent that it is related to sexual risk-taking, it may serve as a valid proxy measure for sexual risk. Based on previous research, we hypothesized that both types of discounting would be associated with CAI and that the association would be stronger among young compared to older men.
Methods

Recruitment
Participants were recruited via Facebook advertisements targeted to men in the United States who indicated that they were interested in men in their profile or whose interests indicated that they might be MSM. Men who clicked the advertisement were taken to the survey introduction page, which included a brief description of the survey and an eligibility screener. Participants were eligible if they identified as male, were ≥ 18 years old, and reported having sex with another man in the previous 6 months. Surveys were completed anonymously. This research was determined to be exempt from review by the Emory University IRB.
Delay discounting measurements
Monetary delay discounting was assessed via the Monetary Choice Questionnaire (MCQ; Kirby et al., 1999 ) and sexual delay discounting was assessed via the SDT (Johnson & Bruner, 2012) . The order of the delay discounting tasks was randomized across participants.
The MCQ consists of 27 items of the form "Would you prefer $24 today or $35 in 29 days?" The pattern of responding across the 27 items is used to assign a discounting parameter, k. Larger values of k indicate steeper delay discounting, thus a stronger preference for smaller, sooner rewards. Methods proposed by Kirby et al. (1999) were used to assign each participant a k value and to exclude nonsystematic responders. Final k values were log-transformed to correct for skewness and obtain an approximately normal distribution.
The SDT measures discounting of condom-protected sex and has been described in detail elsewhere (Johnson & Bruner, 2012) . Participants were shown an array of 41 headshots of men and instructed to select the images of the men that they would be interested in having sex with. Of the selected images, participants were asked to select the man they would most like to have sex with (MOST-SEX). That image was then removed and participants were asked to indicate which man they would least like to have sex with (LEASTSEX). Next, all of the selected images were presented again and a similar procedure was used to identify the man perceived to be most and least likely to have a STI (MOSTSTI and LEASTSTI, respectively).
For each of the four conditions (MOSTSEX, LEAST-SEX, MOSTSTI, LEASTSTI) the image of the selected man was displayed and the participant used a visual analog scale (VAS) to indicate their preference between immediate sex without a condom and sex with a condom at 8 different delays: no delay, 1 h, 3 h, 6 h, 1 day, 1 week, 1 month, and 3 months. The VAS was a continuous scale anchored at 0 (immediate condomless sex) and 100 (condom-protected sex at the given delay). Participants clicked on the location of the scale that indicated their preference (i.e., selecting a location close to 0 would indicate a stronger preference for immediate condomless sex compared to condom-protected sex at a given delay). Because there was no time component in the no delay condition, preferences for condomless versus condom-protected sex on the VAS in this condition were used to assess individual condom use preferences. If the same image was selected for more than one condition (e.g., for MOSTSEX and LEASTSTI) then the discounting task was only completed once for that image.
The value selected on the VAS was considered the indifference point between immediate sex without a condom and condom-protected sex at the given delay. In the delay discounting paradigm, the indifference point represents the point at which both options (i.e., immediate condomless sex, delayed condom-protected sex) are equally valuable. In the current study, a higher indifference point for a given condition indicates a stronger preference for condom-protected sex at a delay. The indifference points from the 7 delays were standardized against the 0-delay condition to account for individual condom-use preferences. These standardized indifference points were then used to determine the area under the curve (AUC; Myerson, Green, & Warusawitharana, 2001 ) across the 7 delays. Higher AUC indicates less discounting of condom-protected sex. SDT data were checked for orderliness using methods proposed by Johnson and Bickel (Johnson & Bickel, 2008) . AUC values were highly skewed and clustered. Rank transformations (Conover & Iman, 1981) and Spearman rank correlations have been used in the past as a means of conducting nonparametric statistical analyses with AUC values obtained using the SDT (Herrmann et al., 2014; Herrmann, Johnson, & Johnson, 2015; Johnson & Bruner, 2012) . However, the clustering of responses at the ends of the distribution reduces the utility of a rank transformation. Therefore, AUC values were classified according to the proportion of the available AUC (% AUC) using the following categories: 0.0 ≤ %AUC ≤ 0.25, 0.25 < %AUC ≤ 0.5, 0.5 < %AUC ≤ 0.75, 0.75 < % AUC < 1.0, %AUC = 1.0. A categorized %AUC value of 1.0 indicates that there is no discounting of condom-protected sex. In contrast to a data-based criterion such as quartiles, using the same categorization for each condition of the SDT permits across-condition comparison of similar levels of discounting.
Outcome measures
The primary outcome is CAI with at least one partner in the past 12 months. Participants also reported age, income, educational status, PrEP use, and total number of partners in the past 12 months. Substance use was hypothesized to be an intervening variable between delay discounting and sexual risk-taking and was therefore not a potential confounder in the current analyses.
Analysis methods
Demographics
Demographic and sexual behavior variables were stratified by CAI status (any CAI in past 12 months versus none) and chi-square tests were used to assess whether any demographic or sexual behavioral variables differed based on CAI status.
Effect of age group
Adjusted prevalence differences (PDs) were estimated for the association between delay discounting and CAI, stratified by age group, using binomial regression for the monetary delay discounting variable. Binomial models did not converge for the sexual delay discounting variable, so Poisson regression with robust variances (Spiegelman & Hertzmark, 2005) was used. Separate models were estimated for each condition of the SDT. All models contained an interaction term to assess the effect of age group.
Effect of current PrEP use
Adjusted PDs were estimated for the association between sexual delay discounting and CAI, stratified by current 
Distribution of delay discounting variables
The distribution of the delay discounting variables is presented in Table 2 . The log-transformed k value from the MCQ was approximately normal (mean = −4.63, s.d. = 1.85). The AUC values for each condition in the SDT were highly skewed and clustered. A large proportion of men did not discount condom-protected sex at any delay across each condition, resulting in a %AUC value of 1.0. Across the four SDT conditions, 37.2%, 53.3%, 60.1%, and 43.7% of men had a %AUC of 1.0 in the MOSTSEX, LEASTSEX, MOSTSTI, and LEASTSTI conditions, respectively (i.e., likelihood of using a condom was not affected by delay for these participants).
Effect of age group
Adjusted PDs of CAI for each one-unit change in the log-transformed k value are presented in Table 3 . There was no association between increasing monetary delay discounting and prevalence of CAI in the past 12 months for either age group. Having 1-3 sexual partners in the previous 12 months was associated with a 16%
(PD = −0.16, CI:−0.22,−0.10) lower prevalence of CAI compared to those with 4+ sexual partners. Adjusted PDs for the categorized %AUC values stratified by age group are presented in Table 4 . Higher % AUC indicates less impulsivity (i.e., greater willingness to wait for a condom). The interaction between age group and delay discounting was not statistically significant for any of the conditions, but prevalence differences for CAI in the past 12 months were generally higher among men age 18-24 compared to men age 25 and older. In general, CAI PDs increased as sexual delay discounting increased. For the MOSTSEX condition, among those age 18-24, there was a 39% higher prevalence (PD = 0.39, CI:0.25,0.53) of CAI in the past 12 months among those with a %AUC between 0.00 and 0.25 compared to those with %AUC of 1.00; for the same comparison among those age 25+ the PD was 0.25 (PD = 0.25, CI:0.12,0.37). Among those 18-24 in the MOSTSEX condition, PDs were 0.28 (CI:0.08-0.49), 0.13 (CI:−0.09,0.36), and 0.17 (CI:−0.03,0.36) across categories of increasing %AUC (i.e., less discounting). These same prevalence differences were less consistent among those age 25 and older. Across categories of increasing %AUC for those age 25 and older in the MOSTSEX condition, PDs were 0.04 (CI:−0.16,0.23), 0.22 (CI:0.05,0.38), and 0.04 (CI:−0.12,0.20). Results for the other three conditions were generally similar with more consistent trends in PDs observed among the younger compared to older age group.
Effect of current PrEP use
Adjusted prevalence differences for the dichotomized SDT %AUC are presented in Table 5 . Across all SDT conditions, PDs comparing men who discount condom-protected sex to those who do not were higher among men currently on PrEP; however, the effect was only statistically significant for the MOSTSEX condition. In this condition, the PD for men currently on PrEP was 0.50 (CI:0.30,0.70) compared to 0.19 (CI:0.10,0.29) for men who were not currently on PrEP.
Discussion
No association between monetary discounting and CAI was observed; however, all conditions of the SDT were associated with higher prevalence of CAI. There was no statistically significant effect modification by age on the association between discounting of condom-protected sex and CAI; however, there was an effect of current PrEP use. In the MOSTSEX condition, larger PDs were observed comparing men who discounted condom-protected sex to those who do not among men currently on PrEP compared to men not on PrEP.
In a previous online study of MSM, monetary delay discounting was found to be associated with CAI (Jones & Sullivan, 2015) , and this association was found to be age dependent (Jones & Sullivan, 2016) . The results of the current study suggest that monetary discounting is not associated with CAI. This is consistent with previous findings that sexual and monetary discounting are not associated (Jones et al., In press). Multiple studies have previously demonstrated an association between monetary delay discounting and impulsive health-related behaviors (e.g., substance use and abuse; Baker, Johnson, & Bickel, 2003; Odum et al., 2000; Odum, Madden, & Bickel, 2002; Petry, 2001 Petry, , 2003 and health states that might result from impulsive behaviors (e.g., obesity; Jarmolowicz et al., 2014; Lawyer et al., 2015) . The lack of association between monetary discounting and sexual behavior might reflect fundamental differences in the decisionmaking processes that are involved with each behavior. Monetary discounting tasks assess preference for specific quantities of money available at given delays. In comparison, the SDT measures preferences for condom use, a qualitative outcome, with a variety of short-term (e.g., pleasure) and long-term (e.g., avoidance of STIs) consequences. Continued investigation is needed in light of the discrepant results across studies.
The effects of age or PrEP administration on the association between sexual delay discounting and CAI have not previously been reported. Although the prevalence differences for CAI were generally stronger among younger MSM, this effect was not statistically significant. Thus, the current study might have been underpowered to observe an effect of developmental age. In contrast, current PrEP usage had a synergistic effect with sexual discounting in the MOSTSEX condition. There has been concern that PrEP implementation will be accompanied by risk compensation in which individuals are willing to increase risk-taking because they feel protected from harm (Golub, 2014; Underhill, Operario, Skeer, Mimiaga, & Mayer, 2010) . It is important to note that PrEP only protects against HIV, not other STIs. Thus, if men who discount condom-protected sex are more likely to engage in CAI (i.e., risk compensation) when taking PrEP, this may result in increased STI incidence in this population. The observation that men on PrEP who discounted condom-protected sex in the MOSTSEX condition had higher CAI PDs compared to men not on PrEP suggests that men might be increasing their risk because they are on PrEP, at least in the context of a man they find very attractive. That is, partner type may affect the extent to which a PrEP-user discounts condom-protected sex.
Few studies have assessed the effects of delay discounting on sexual risk-taking among MSM, even though this population is disproportionately impacted by the HIV epidemic. Herrmann et al. (2015) assessed sexual delay discounting in MSM and found an association between discounting on the SDT and CAI. However, their study sample was relatively small, almost exclusively Caucasian, and was obtained via MTurk. The authors specified that they were seeking MSM in the recruitment posting on MTurk, potentially incentivizing participants to misrepresent their sexual history in order to qualify for the task. Further, it is not clear to what degree MSM on MTurk are representative of other Internet-using MSM or MSM in general; participants recruited via Facebook have been shown to be similar to those recruited via venue-based sampling (Hernandez-Romieu et al., 2014) . Selection bias might still be a concern in this study, limiting the generalizability of the results. For example, the study population was highly educated, similar to other online studies using similar recruitment strategies (Dasgupta, Vaughan, Kramer, Sanchez, & Sullivan, 2014; Jones & Sullivan, 2015; Vaughan, Kramer, Cooper, Rosenberg, & Sullivan, 2016) . CAI was a common outcome, reported by 68% of the study sample. Although 42% only reported CAI with a main partner, CAI in main partnerships continues to carry risk in the context of partner concurrency (Rosenberg, Rothenberg, Kleinbaum, Stephenson, & Sullivan, 2013) and undiagnosed HIV (Hall, Holtgrave, & Maulsby, 2012) . The high prevalence of CAI indicates that there is a need for additional prevention interventions to reduce sexual risk-taking and reduce transmission of HIV and other STIs. Future studies should also consider more specific risk behaviors, such as CAI with a serodiscordant partner.
The monetary and sexual outcomes in this study were hypothetical. Participants might exhibit different preferences in real-world situations; however, previous delay discounting research has demonstrated that hypothetical and real monetary rewards are discounted similarly (Johnson & Bickel, 2002) . Ethical considerations would prevent the use of real sexual rewards in any study.
The results of the current study indicate that sexual, but not monetary, delay discounting tasks might serve as an indicator of sexual risk. Delay discounting measures might be useful as a means of identifying men at highest risk of HIV/STI who are in greatest need of prevention interventions. To the extent that sexual delay discounting is modifiable, discount rates might serve as either a target for HIV prevention interventions to reduce sexual risk behavior or as an immediately measurable indicator of the effectiveness of risk reduction interventions.
Future studies should continue to explore the nature of the relationship between sexual delay discounting and CAI as well as adapt methods from substance abuse interventions (Bickel, Yi, Landes, Hill, & Baxter, 2011; Black & Rosen, 2011) to assess the feasibility of developing interventions based on sexual delay discounting to reduce CAI.
